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[57] ‘ ABSTRACT 

' A circulator pump for a plant for the ,utilization of solar 
heat including a ?rst heat exchanger for collecting heat 
at a high level disposed within a solar collector, a me 
dium for receiving heat collected in the ?rst heat ex 
changer, a second heat exchanger for collecting heat at 
a lower level with respect to the ?rst heat exchanger 
and a circulator pump for circulating the medium 
through the ?rst and second heat exchangers. The cir 
culator pump- is a prime mover driven by a pressure 
difference between the ?rst and second heat exchangers 
and is a charger pump. The prime mover and charger 
pump operating in a push-pull manner as differential 

' piston pumps having a common piston rod operatively 
disposed within a chamber including control ducts, 
which load an auxiliary control slider member. The 
auxiliary control slider member is reciprocated within a 
chamber and upon reaching end portions of the differ 
ential piston switch the chambers of the two differential 
piston pumps to effect oppositely directed movement. 

14 Claims, 5 Drawing Figures 
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CIRCULATOR PUMP FOR CONVEYING A .. 
LIQUID AND/0R GASEOUS MEDIUM 

SUMMARY AND OBJECTS OF THE 
INVENTION 

The invention relates to a circulator pump for con 
veying a liquid and/or gaseous medium in a closed 
circuit in which a heat exchanger is located to which 
heat is supplied from outside, e.g. energy from the sun, 
and which supplies this heat to another heat exchanger 
by means of the medium to be circulated, the other heat 
exchanger delivering heat, e.g. for purposes of heating. 

It is an object of the invention to construct the drive 
of the circulator pump in such a manner that no external 
energy, such as electric current or mechanical drive, is 
required. Furthermore as large a volume as possible is 
pumped through the circuit for a small internal con— 
sumption. - 

The solution of the problem resides in providing a 
circulator pump which is driven by itself by utilization 
of the temperature drop prevailing between its input 
and its output and by the expansion pressure resulting 
therefrom, and is formed by two differential piston 
pumps which are mechanically connected together and 
which are alternately loaded by the medium by means 
of an automatic control device. 
Owing to the use of the medium to be circulated as a 

drive for the circulator pump, independence from exter 
nal energy is obtained. In combination therewith it is 
attained by the use of an automatic control device with 
differential pistons, wherein a minimum of diverted 
energy is suf?cient for the drive, so that a very good 
degree of ef?ciency of the installation is still present. 
A relatively large step-up ratio of the differential 

piston can ensure in a simple manner that only a small 
volume is required for the drive of the pump, in contrast 
thereto, however, a large volume is pumped through 
the circuit. In this case a medium is always pumped 
from a heat store of higher temperature to a heat store 
for the delivery of the energy to a lower temperature 
level. The conveyed quantity of liquid is to be relatively 
large in proportion to the quantity of liquid which is 
required for the actuation of the differential piston 
pumps which the circulator pump constitutes. 
Furthermore it is essential that the input loaded: by 

the medium of higher temperature, of the differential 
piston pumps is alternately connected by the automatic 
control device to the chambers which comprise the 
larger volume because of the larger piston areas of the 
differential piston pumps. 

Furthermore it is proposed according to the inven 
tion to construct such a thermal drive based on a‘ tem 
perature drop, consisting of at least one heat exchanger’ 
system which is ?lled with liquid and/or gaseous media, 
one prime mover which is driven by these media, and 
one charging pump which feeds media to the system, by 
the use of two differential piston pumps which operate 
in push-pull. The pistons of these differential piston 
pumps are connected together by a common piston rod. 
The piston rod carries control ducts which load an 
auxiliary control slider member. As soon as the differen 
tial pistons reach their end positions, the control ducts 
of the piston rod load the auxiliary control slider mem 
ber which in turn switches the chambers of the two 
differential piston pumps to oppositely directed move 
ment. " ‘ ‘v i 
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2 
It is advantageous to construct the invention in such 

a manner that- the heat exchanger system is always con 
nected to the two chambers of the same differential 
piston pump, the same pressure prevails at the piston 
from both sides, so that special sealing measures can be 
omitted. In particular expensive seals which would be 
subjected to wear may be dispensed with. 
A further embodiment of the invention resides in the 

arrangement of at least one piston on the reciprocatory 
auxiliary control slider member, the piston operating as 
a double-acting pump. 

1 Since both systems, that is to say the differential pis 
ton pumps and the auxiliary control slider member with 
its piston, perform a reciprocatory movement, this dou 
ble-acting pump at the auxiliary control slider member 
may be utilized for various additional functions, e.g. for 
preliminarily compressing the medium before it is fed to 
the heat store again by the differential piston pumps, or 
for constructing multiple-stage compression cooling 
installations. 

It is unimportant in this case whether the double 
acting pump is controlled in a known manner by inlet 
valves and outlet valves or, as envisaged by a further 
embodiment of the invention, whether the double 
acting pump, too, is controlled by additional control 
ducts on the piston rod of the differential pistons. Natu 
rally all measures which improve the degree of ef? 
ciency or the possibilities of use apply to the further 
development of the invention. 

This involves inter alia the presence of a second heat 
exchanger system in which the issuing medium is 
cooled and returned again to the differential pump. Also 
it is particularly advantageous to construct the ?rst heat 
exchanger system directly in the form of a solar collec 
tor, wherein the second heat exchanger system could be 
a heat store. 
According to the invention, the employment of such 

a thermal drive also directly as part of an absorption 
cooling system is proposed, wherein the ?rst heat ex 
changer system would be the ejector and the second 
heat exchanger system is constructed as a cooling cir 
cuit with condenser, evaporator and absorber. Particu 
lar signi?cance is attached to the proposal according to 
the invention to construct the thermal drive in such a 
manner that the ejector is constructed directly in the 
form of a solar collector. 

Likewise it is proposed according to the invention to 
construct the second heat exchanger system in the form 
of a compressor cooling circuit in which at least one 
condenser, one relief valve and one evaporator are 
present. 
Also it is proposed according to the invention to 

utilize the additional arrangement of a double-acting 
piston pump on the auxiliary control slider member for 
the construction of a multiple-stage compressor circuit. 
This pump could serve e.g. for liquefying the medium 
which has become gaseous in the evaporator. The me 
dium is not supplied in lique?ed form to the actual dif 
ferential piston pump until after compression in the 
double-acting piston pump. 
A further improvement of the degree of ef?ciency 

may be obtained in accordance with the invention in 
that if a further heat exchanger is present the ?rst “hot” 
circuit of which is arranged at the “hot” output of the 
differential piston pumps, and the “cold” circuit of 
which lies at the "cold” output of the differential piston 
pump. In this arrangement a certain quantity of heat is 
already removed from the hot issuing medium and sup 
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plied directly to the cooled medium which is fed e.g. to 
the solar collector for the purpose of further heating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described further, by way of 
example, with reference to the accompanying diagram 
matic drawings, in which: ' 
FIG. 1 shows a circulating pump in a fluid medium 

circuit including two heat exchangers; 
FIG. 2 shows an embodiment of the circulating 

Pump; 
FIG. 3 shows another embodiment of the circulating 

Pump; 
FIG. 4 shows an alternative ?uid medium circuit; and 
FIG. 5 shows a modi?cation of the circuit of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In order to permit the functioning of the thermal 
prime mover consisting of two differential piston pumps 
to be explained in a better manner, the principle of such 
an arrangement is illustrated diagrammatically in FIG. 
1. 
The actual thermal prime mover or the circulator 

pump, respectively, with its own drive 1 is connected 
on the one hand to a ?rst heat exchanger 2 (e.g. a solar 
collector). On the other hand a connection exists to a 
second heat exchanger 3 which is located in a heat store 
4. It is then an object of the thermal prime mover, or the 
circulator pump 1, respectively, to feed the energy 
supplied to the ?rst heat store 2, e.g. solar energy 5, 
initially to the second heat exchanger 3, which supplies 
the same as store heat 6 to the heat store 4. 
The medium located in the pipelines of the heat ex 

changer 2 is heated by the solar energy 5 and will affect 
the thermal prime mover, or the circulator pump 1, 
respectively, by way of the connections A and C at the 
same pressure. On the other hand the second heat ex 
changer is connected by way of the connections B and 
D to the thermal prime mover, or the circulator pump, 
respectively, in order to cool in the solar collector, by 
delivery of the store heat 6. In the construction accord 
ing to the invention of the thermal prime mover, or the 
circulator pump, respectively, there results a ?ow cir 
culation in the direction of the arrow between the con 
nections A and B, or C and D, respectively. The heated 
medium ?ows in this case from A to B, and the cooled 
medium ?ows from D to C. For the purpose of simpli? 
cation, the following denominations are used for the 
connections A, B, C, and D: 
A-—“hot” input of the differential piston pumps of the 

circulator pump 1 
B———“hot” output of the differential piston pumps of 

the circulator pump 1 
C-—“cold” output of the differential piston pumps of 

the circulator pump 1 
D—“cold” input of the differential piston pumps of 

r the circulator pump 1 
FIG. 2 illustrates by way of example the internal 

construction of a differential piston pump according to 
the invention with the corresponding control ducts. 
The most important constructional component parts 

of a prime mover, or a circulator pump, respectively, 
according to the invention are the two differential pis 
ton pumps 7 and 8 with their pistons 9 and 10. The two 
pistons 9 and 10 are connected together by means of the 
piston rod 11. In the embodiment illustrated, the auto 
matic control device is formed by the auxiliary control 
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4 
slider member 12. In accordance with the foregoing 
description, the inputs and outputs of the prime mover, 
or the circulator pump, respectively, are denoted by 
A,B,C and D. The arrows provided at the connections ‘ 
A,B,C and D indicate whether at this connection of the 
prime mover a medium is supplied thereto or guided 
away from the circular pump. 

In the central position illustrated in FIG. 2, of the 
differential pistons and the illustrated position of the 
auxiliary control slider member 12 the hot medium is 
supplied by connection A through the conduit 13 
through the control duct 14 to the chamber 15 of the 
piston pump 8. On the other hand a pressure of the same 
magnitude affects the opposite chamber 18 of the piston 
pump 8 from the connection C through the conduit 16 
and the control duct 17 and thereby affects the other 
side of the piston 10. Although the same pressure pre 
vails in the chamber 15 and in the chamber 18, neverthe 
less a resulting force acts on the piston 10, since the 
piston areas of the chambers 15 and 18 differ by the 
difference of the area of the piston rod 11. The piston 
rod 11 is pushed to the left by this differential force and 
thereby conveys the medium located in the chamber 19 
through the conduit 20, the control duct 21 and the 
conduit 22 to the “hot” output B. At the same time 
medium coming from the connection D ?ows through 
the conduits 24 and 26 through the control duct 25 into 
the chamber 23 of the piston pump 7. 
As soon as the pistons 9 and 10, and together there 

with the piston rod 11 have reached approximately the 
left-hand end position, the control duct 27 establishes 
through the conduits 28 and 29 a connection between 
the connection C and the right-hand end 30 of the auxil 
iary control slider member 12. The pressure prevailing 
at the connection C will then move the auxiliary control 
slider member 12 to its left-hand end position, until the 
abutment 31 limits the stroke. Therein the control ducts 
14 and 21 will initially perform the change-over from 
the connection A from the chamber 15 to the chamber 
19. Likewise the chamber 18 is then connected through 
the control duct 17 to the connection D and the cham 
ber 23 is connected through the control duct 25 to the 
connection C. 
The pressure conditions in the chamber 19 and 23 are 

now reversed, that is to say there remains a resultant 
force upon the piston rod 11 in the direction to the 
right, and the piston 9 and 10 with piston rod 11 will 
move to the right-hand end position. However, upon 
reaching the right-hand end position the connection C is 
connected through the control duct 27 to the left-hand 
end 32 of the auxiliary control slider member 12 by way 
of the conduit 33, and at the same time the right-hand 
end 30 of the auxiliary control slider member is con 
nected through the control duct 34 to the connection D. 

Since a higher pressure prevails at the connection C 
than at the connection D, the auxiliary control slider 
member 12 will now move to its right-hand position, 
such as illustrated in FIG. 2. Thereby all the parts are 
subjected again to the pressure conditions described 
hereinbefore, and the two pistons 9 and 10 with piston 
rod 11 will move to the left again. 

In this case it is generally assumed that in conse 
quence of the heating of the medium in the heat ex 
changer 2 a higher pressure prevails at the connection 
A and C than at the connections B and D where, in 
consequence of the cooling of the medium in the heat 
store 3, a reduction of the volume and thereby a de 
crease of pressure takes place. 
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A further embodiment is illustrated ' in FIG. I 3. 

Therein ‘the same parts as in FIG. 2 are denoted by the 
same ‘reference ‘numerals. ‘ 

Additionally, in FIG. 3, the piston 35 is arranged at 
the auxiliary'control slider member 12 and reciprocates 
together with the auxiliary control slider member 12 in 
the pump casing 36. ' 

In co-operation with the control ducts 37 and 38 
which are additionally arranged on the piston rod 11, 
and the conduits 39, 40 and 41, this arrangement consti 
tutes a double-acting pump which sucks in at the con 
nection E and ejects at the‘connection F. 

In case a compulsory control, such as provided in this 
case by the control ducts 37 and 38, should not be desir 
able, inlet valves and outlet valves each of which cuts 
off in one direction, may obviously be substituted in a 
known manner for this double-acting pump. 
The diagrammatic illustration in FIG. 1 shows a typi-‘ 

cal use of the invention and the advantages thereof. 
The medium which has been heated by the solar 

energy'S in the heat‘ exchanger 2 (illustrated in this case 
as a solar collector) is pumped by the thermal prime 
‘mover, or the circulator pump 1, respectively, to the 
heat store 4 which in most cases is located at a lower 
‘level,"where the heat 6 to be stored is delivered by the 
heat exchanger 3 to the surrounding liquid, e.g.va float. 
basin or a hot water storage container. : 
FIG. 4 illustrates diagrammatically an arrangement. 

of the thermal drive as a cooling machine. In this case‘ 
the heatistore 2v'is to be thought of as the ejector ‘of an 
absorption refrigerator in'which e. g. an ammonia-‘water 
mixture or‘ another liquid combination capable; of ab 
sorption havingas large arco-ef?cient of ‘expansion as 
possible is heated. Owing to the increase‘ in volume 
occurring thereby the differential piston‘pump’s of the 
prime mover, or the‘ circulator‘pump 1', respectively, are 
moved and the gas-liquid mixture issuing at ‘the connec 
tion B is fed to a condenser 42. where the temperature 
drops. Themixture now cooled/travels through the 
subsequent ‘restrictor 43 into the evaporator 44 from 
.where" it enters into the double-acting piston pump‘ ‘at 

4,383,418 

20' 

25 

35 

40 

the connection E and travels ‘compressed "into an ab-' j 
sorption vessel 45 through the connection F. Finally the 
“cold” solution is supplied by'the absoi'ption‘ vessel 45: 
through the connection D to the differential piston 
pumps and arrives again through'the connection C’in' 
the heat exchanger 2. , . 

For the purpose of improving the degree of ef? 
ciency, the interposition of a heat exchanger 46 is pro 
vided in FIG. 4; on the one hand this heat exchanger 46 
extracts heat from the “hot” medium issuing at the 
connection B in that it supplies the heat to the medium 
which issues “cold” at the connection C. - 
The diagrammatic illustration of FIG. 4 illustrate 

only’one of the numerous possibilities which are possi 
ble at the present state of the art in the construction of 
absorption cooling machines. 
Other variants of the absorption cooling technique, 

such as e.g. the separation of ammonia and water and 
separate pumping around by means of the double-acting 
piston pump are also possible, as well as the use of other 
cooling or refrigeration means which are especially 
suitable for this method. ‘ ‘ ‘ 

Likewise, the diagram FIG. 4 may be understood to 
be the circuit of a compression‘ refrigerator in which 
?rst a suitable cooling means is thermally compressed, 
then slightly cooled, wherein after pressure relief in a 
restrictor 43 heat is extracted from the surroundings by 
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6 
the evaporator 44 and is cooled thereby. In this case the 
double-acting piston pump is afforded the task of pre 
liminary compression and lique?cation of the medium. 

In the embodiment of the heat exchanger 2 as solar 
collector the invention acquires particular importance, 
since refrigerators and air conditioners may be con 
structed directly without any external energy such as 
electrical current and the like. 

Also for the utilization of waste heat, such as wasted 
e.g. to the atmosphere by the radiator or the exhaust 
system of motor vehicles, new possibilities are opened 
by this invention, since no additional energy is taken 
from‘ the motor for the operation of the cooling installa-, 
tion. 

Particular attention is to be directed to a special prop 
erty of the thermal drive according to the invention. 
The feed,‘ power of the differential piston pumps results 
from the ratio of the volume of the medium at different 
temperatures. If for example a liquid of 20° ambient 
temperature expands by 20% upon heating to 50° and 
accordingly the volume of the differential piston pumps 
are designed differing by 20%, the thermal prime 
mover, . or circulator pump, respectively, will en 
deavour to maintain the temperature difference of 30°. 
If then,‘ e.gf owing to'increased sun irradiation, an in 
creased’rise' of volume occurs, a correspondingly "faster 
movement'of the differential pistons will occur with the 
consequence that more cooled medium is pumped into 

_ the solar collector, namely until an expansion difference 
of- 20% is adjusted again between the expansion in the 
solar collector and the cooling in the heat store. 
.A particularly advantageous automatic control of the 

system results from the use of media, such as refrigerant 
22 (chlorodi?uoromethane) have the property to pos 
sess an increasing co-ef?cient of expansion at increasing 
temperature. Thereby an accelerated pumping fre 
quency occurs upon rising temperature in the solar 
collector, and with- strong irradiation by the sun it is in 
a: positionto conveyyan increased quantity of heat. On 
the other hand, when such media are used, it is possible 
to charge, up the heat storeto temperatures which ap 
proach more closelythetemperature of the solar collec 
tor,‘ since the same volume difference is given already at 

‘ lower terripez'raturecdifferences.v 
In order to avoid overheating the installation in the _ 

case of extremely strong, radiation from the sun and 
with the heat store already “full”, it is recommended in 
accordance with the invention to provide a safety de 
‘vice which, when a critical temperature in the ?rst 
or/and the second heat exchanger‘is exceeded, inserts 
an additional safety heat exchanger cooled by air or 
water, for the purpose of cooling the medium. 

In this connection FIG. 5 provides a constructional 
‘example, the same parts again being denoted by the 
same reference numerals. Additionally a safety heat 
exchanger 47 is provided which possesses e.g. a water 
inlet 48 and a water outlet 49. A valve 50 normally cuts 
off the water passage. When the temperature of the 
medium of the heat exchanger 2 exceeds a certain limit 
value, the thermostat 51 switches and‘ opens the valve 
50. Thereby cold water is caused to ?ow through the 
safety heat exchanger 47 and carries away the excess 
heat. An additional measure may reside in that a ther 
mostatically controlled double valve 52 is arranged at 
the output B and blocks the direct flow of the medium 
from B to the heat exchanger 3 and, in the case of dan 
ger, guides the entire ?ow through the safety heat ex 
changer 47. . 
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The illustrations in FIGS. 1 to 5 are to be regarded as 
solutions of the principle, or as examples, respectively, 
which may be enlarged in any desired manner in accor 
dance with the state of the art. For example, in place of 
the safety heat exchanger 47 which is illustrated as a 
water-cooled heat exchanger in FIG. 5, alternatively a 

5 

safety heat exchanger may be provided which is con- > 
structed in the form of an air cooler. Similarly, the 
temperature in the heat store 4 or even both tempera 
tures of the heat exchangers 2 and 4 may serve as criti 
cal measuring quantity for the thermostat 51. 
However, further directions important for the inven 

tion are clear from the illustrations of the principle in 
FIG. 1 to FIG. 5 and must be regarded as instruction for 
technical action. ' 

I claim: 
1. A circulator pump for a plant for the utilization of 

solar heat comprising: 
a ?rst heat exchanger for collecting heat at a high 

level disposed within a solar collector; 
a medium for receiving heat collected in said ?rst 

heat exchanger; . 

a second heat exchanger for collecting heat at a lower 
level with respect to said ?rst heat exchanger; 

a circulator pump for circulating said . medium 
through said ?rst and second heat exchangers; 

said circulator pump being a prime mover driven by 
.a pressure difference between said ?rst and second 
heat exchangers and being a charger pump, said 
prime mover and charger pump operating in a 
push-pull manner as differential piston pumps hav 
ing va common piston rod operatively disposed 
within a chamber including control» ducts, which 

I ‘load an auxiliary control slider member; 
saidauxiliary control slider member being recipro 

P cated within a chamber-and upon reaching end 
portions of said differential piston switch the cham 
bers of the two differential piston pumps to effect 
oppositely directed movement. ' ' - 

2. Circular pump‘ according to claim 1, wherein the 
heat exchanger system is always connected to the two 
chambers of the same differential piston pump. _ 

3. Circulator pump according to claim. 1,’ ‘or 2, 
wherein said auxiliary control slider member includes at 
least one piston which is the piston of a double-‘acting 
pump. . ,. . 
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8 
4. Circulator pump according to claim 3, wherein the 

double-acting pump includes inlet valves and outlet 
valves. 

-5. Circulator pump according to claim 3, wherein a 
piston rod of the differential piston pump is provided 
with control ducts for reversing the double-acting 
pump. ' 

6. Circulator pump according to claim 1, or 2, 
wherein the medium issuing from the differential piston 
pumps is cooled in the second heat exchanger and fed 
again to the pump. 

7. Circulator pump according to claim 1, or 2, 
wherein the second heat exchanger system is con 
structed in the form of a compressor cooling circuit 
which comprises at least one condenser, one relief valve 
and one evaporator. 

8. Circulator pump according to claim 1‘, or 2, 
wherein the ?rst heat exchanger system is the ejector of 
an absorption cooling system and the second heat ex 
changer system is constructed in the form of a cooling 
circuit with a condenser, an evaporator and an ab 
sorber. ‘ 

9. Circulator pump according to claim 8, wherein the 
ejector is constructed in the form of a solar collector. 

10. A circulator pump according to claim 1, wherein 
the auxiliary control slider member connects an input 
for the hotter medium alternately to piston pump cham 
bers which-are delimited by the piston faces of larger 
area. 

11. Circulator pump according to claims 1, 10 or 2, 
wherein the double-acting piston pump is part of a mul 
tiple-stage compressor circuit. ‘ 

12. Circulator pump according to claim 1, 10 or 2, 
wherein said ?rst heat exchanger is connected to a ?rst 
f‘hot” circuit which is arranged at the “hot” output of 
the differential piston pumps and af‘cold” circuit which 
is connected to the “cold”_ output of the differential 
piston pumps. :_ ' 

13. Circulator pump according to claim 1, 10 or 2, 
wherein the medium used possesses a coef?cient of 
expansion which increases with increasing heating. 

l4. Circulator pump according to claim 1, '10 or 2, 
including a safety device which, when a critical temper 
ature in'the ?rst or/and second ‘heat exchanger is ex 
ceeded, switches in an additional safety heat exchanger 
cooled with air or water, for the purpose of cooling the 
medium. > 

i t 4* it >8 it 


